When learning a new skill, even if we have been instructed exactly what to do, it is often necessary to practice for hours, weeks or months before we achieve proficient and fluid performance. Practice has a multitude of effects on behavior, including increasing the speed of performance, rendering the practiced behavior habitual and reducing the cognitive load required to perform the task. These effects are often collectively referred to as automaticity. Here, we argue that these effects can be explained as multiple consequences of a single principle: caching of the outcome of frequently occurring computations. We further argue that, in the context of more complex task representations, caching different intermediate computations can give rise to more nuanced behavioral signatures, including dissociation between skill, habit and cognitive load.
Introduction
The multiple effects of practice Acquiring any new motor skill requires practice. It is not enough to simply be instructed how to drive a car or how to play a new video game; many hours of practice are typically needed to achieve proficiency and fluidity. What attributes of performance are improved through practice? Most obviously, being skilled at a task involves being able to select appropriate actions [1, 2] , and to execute those actions accurately [3] [4] [5] . However, a further critical aspect of skill relates to the speed at which an appropriate action can be selected. A novice driver will know to press the brake pedal to slow down, but an experienced driver will be far quicker to hit the brakes in the face of an unexpected hazard.
It has long been recognized that practice not only promotes incremental performance gains, but also leads to a qualitative change in how behavior is generated. A given task seems to require less and less cognitive effort the more we practice it [6] [7] [8] . Driving a car for the first time can feel overwhelming but, after sufficient practice, we have no problem talking to a passenger or listening to the radio while we drive. This familiar experience occurs in almost any skill we practice; as our proficiency increases, the cognitive load decreases.
The diminishing cognitive load of a task, has mostly been studied through the use of dual tasks [9] . In this approach, participants are asked to perform the practiced task at the same time as a cognitively demanding secondary task, such as counting the number of vowels heard in a sequence of spoken letters, or counting backwards from 100 in increments of 7. Early in learning, performance on either or both tasks suffers when they are attempted concurrently. After sufficient practice, however, it usually becomes possible to perform both tasks simultaneously just as well as they can be performed in isolation [10] [11] [12] .
Another important phenomenon associated with practice is the formation of habits. Habits are most commonly studied in operant learning tasks in which an animal must learn through experience which action to perform to earn a reward (e.g. which lever triggers delivery of a food pellet). In this context, habitual behavior is typically defined as behavior that is insensitive to changes in the goals of a task [13] [14] [15] (and, by definition, opposite from goal-directed behavior). If a rat has repeatedly pressed a particular lever to earn a food reward, it may continue to press it habitually even when it is not hungry. Such habits are often exposed in daily life when the environment changes. For instance, when driving abroad, if the steering wheel is on the opposite side of the car, you may find yourself habitually reaching toward the door when trying to shift gears or pull the handbrake. The habitual nature of skilled typing is similarly unmasked if one tries to type on a foreign keyboard, in which certain symbols might be mapped onto different keys. This key-switch manipulation is in fact often directly used in experiments in humans to assess whether a practiced visuomotor association has become habitual [16, 17, 18 ]. 
